INTRODUCTION
Glioblastoma multiforme (GBM) is the most common primary central nervous (CNS) tumor in adults comprising approximately 50% of all primary intracranial tumors. They generally occur in the fifth and sixth decades of life. These are infiltrating tumors located in the deep white matter or in the deep gray matter neighboring white matter, primarily in cerebral hemispheres. Primary cerebellar GBM is a rare tumor in adults 2, 6, 8, 9, [15] [16] [17] [18] and accounts for just 1% of all cases of GBM. Cerebellar GBMs are not yet completely understood about the pathogenesis and the prognosis due to their rarity. Here, we report a case of cerebellar GBM in an adult and provide a review of the literature regarding the pathogenesis, diagnosis including radiological and pathological aspects, and treatment of cerebellar GBM.
CASE REPORT
A 69-year-old man presented with headache, dizziness and gait disturbance. Neurological examination revealed the presence of cerebellar signs including cerebellar ataxia, tandem gait, dysmetria and dysdiadochokinesia. He did not have any Primary cerebellar glioblastoma multiforme (GBM) is a rare tumor in adults that accounts for just 1% of all cases of GBM. Due to their rarity, cerebellar GBMs are not yet completely understood about the pathogenesis and the prognosis. Here, we present a case of GBM in a 69-year-old man. Neurologic examination revealed the presence of cerebellar signs. Magnetic resonance imaging (MRI) showed a 4.5 x 3.6 cm-sized, ill-defined, heterogeneously enhancing mass in the left cerebellum and two patchy hyperintense lesions in the right cerebellum with minimal enhancement. After operation, glioblastoma was histologically confirmed. Postoperative radiotherapy with concomitant and adjuvant temozolomide chemotherapy was subsequently followed. Here, a case of unusual GBM in the cerebellum is reported with review of literature regarding the pathogenesis, the differential diagnosis and prognosis. There was no evidence of recurrence during postoperative one year. This patient showed a good prognosis in spite of the multiple lesions. showed a hypointense and hyperintense lesion in the left cerebellum on T1-and T2-weighted images, respectively (Fig. 1A , B). The mass had poorly defined borders and mild peritumoral edema. After the gadolinium administration, a 4.5×3.6 cm-sized, ill-defined, heterogeneously ringenhanced mass was observed with one additional patchy enhancing lesion (Fig. 1C) . The MR Spectroscopy of the lesion demonstrated a high choline peak (choline/creatinine ratio=3.3) in contrast to the decreased N-acetil-aspartate (NAA) peak and markedly increased lactate peak, suggesting the presence of a high-grade tumor (Fig. 1D ). The provisional diagnosis was metastatic lesion or glioblastoma multiforme (GBM) in the cerebellum. To rule out the metastatic lesion, chest x-ray and abdominal sonography were done but there studies did not show any tumorous lesions. We performed the operation using the midline suboccipital approach in the prone position. There was a yellowish tumor with necrotic change that had indistinct margins from adjacent normal white matter. A gross total resection was performed. The postoperative course was uneventful and his symptoms and neurologic signs gradually improved. Histological examination showed a cellular tumor, consistent with glioblastoma, composed of elongated, spindle-shaped cells with irregular, moderately pleomorphic nuclei, as well as proliferative blood vessels and necrosis ( Fig. 2A, B) . The tumor cells showed cytoplasmic positivity for glial fibrillary acidic protein (GFAP) (Fig. 2C) . About 30-40% of the nuclei were positive for Ki-67 (Fig. 3D) . The patient received radiotherapy with concomitant and adjuvant temozolomide beginning 24 days after surgery. Irradiation was given 54-Gy dose in total per 27 fractions. There was no evidence of recurrence during postoperative one year.
DISCUSSION
Glioblastoma (GBM) is the most common primary intracranial tumor in adults. It can be seen in people of all ages. However, approximately two-thirds of the cases occur in adult patients with a peak incidence around the sixth decade 16) and a second peak in the first decade 18) . The male to female ratio was 2:1 7, 8, 16) . Infratentorial GBM, however, is a rare entity. Thus, GBM of the cerebellum only comprises a small proportion of all GBM of the brain (0.24 to 1.00%) 10) . Patients typically present with increased pressure, and the most frequent symptoms are headache, nausea, vomiting and ataxia 2, 6, 9, 15, 16, 18) . Dizziness, neck pain, and mental confusion can also be present 9, 17, 18) . The diagnosis of GBM of the cerebellum is not usually suspected preoperatively, although there are certain computed tomography (CT) and MRI features which may point towards it. Cerebellar metastasis and anaplastic astrocytoma are the common differential diagnosis in an adult. Although most authors failed to fully explain the rarity of cerebellar GBM 2, 6, 16) , an explanation for the lesser tendency of cerebellar astrocytes to become malignant has been proposed 18) . As stated above, cerebellar astrocytes have lesser tendency to become malignant, but several factors like radiotherapy causing the anaplastic progression of cerebellar astrocytic cells have been proposed. The role of radiotherapy in causing malignant astrocytoma of the cerebellum is uncertain 14) . But, Maat-Schieman et al. 14) reported a midline cerebellar astrocytoma that occurred after radiotherapy following craniopharyngioma. The development of GBM following pilocytic astrocytoma, medulloblastoma and other posterior fossa midline tumors has also been described 19, 21, 22) . However, it is difficult to prove their malignant transformation since most of those cases were submitted to radiation therapy postoperatively.
One of the important diagnostic method for cerebellar GBM is CT with contrast enhancement. However, the image of diseases such as metastases, abscess and cerebellar infract is similar with GBM, therefore the differential diagnosis from these diseases is difficult 10, 15, 20) . Metastatic tumor is the most common differential diagnosis for posterior fossa brain masses in adults. Solid tumors with contrast enhancement or those with central hypodensity suggesting necrosis were described in cerebellar GBM. Occhiogrosso et al. 16) found little peritumoral edema in patients with cerebellar GBM, and Zito et al. 23) stated that CT was helpful in differentiating GBM from metastasis of the cerebellum via peritumoral edema or mass effect. The use of MRI has increased the accuracy of the definition of the nature of the lesion because of its good tissue resolution and lack of major bone artifacts 2, 5) . The differences in vascularity and metabolite levels in the periphery of a tumor have been found to be significant for the differentiation of metastases and GBMs. The relative cerebral blood volumes in the peritumoral areas calculated with perfusion-weighted MR imaging are clearly higher in gliomas than in metastases. In the spectroscopic MR examination, choline levels are high in the peritumoral areas of gliomas 4, 12) . A significant reduction in NAA due to the loss of neuronal elements, an elevation of the choline peak due to increased membrane synthesis and the presence of a lactate peak all correlate with the higher degree of malignancy commonly observed in GBM.
Abscess shows well-defined, thin-walled enhancing rim on contrast enhanced T1 weighted images. Diffusion weighted image shows increased signal intensity in abscess and ADC map demonstrates markedly decreased signal centrally within abscess. But, primary or metastatic neoplasm is frequently seen as low signal on diffusion weighted images 11) . The contrast enhancement 1 to 2 weeks after infarction is so called "fogging effect" that is probably due to a reduction in edema and leakage of proteins from cell lysis 1) . However, this lesion shows a virtually normal appearing T2 weighted images.
The biological behavior of cerebellar and supratentorial GBM is similar 13, 18) . On the other hand, it is possible that cerebellar GBM found in young aged patients has a better prognosis as in anaplastic astrocytomas (AAs), which have a longer survival time than supratentorial GBM. The median survival for cerebellar GBM is known to be approximately 19 months 9) .
CONCLUSION
We report an experience of an unusual case of cerebellar GBM. The differential diagnosis with metastases, abscess and cerebellar infract with contrast enhancement is necessary.
